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[TITLE OF THE INVENTION] A Portable Cardiogram 
[Abstract] 

[Object] It is an object of the present invention to recognize the correlation 
of an event waveform and a trend graph at a glance. 

[Means to achieve the object] A potable cardiogram comprises 
means for simultaneously displaying an event waveform 200 and a 

heartbeat number/trend graph 100 on a display screen of a liquid crystal 

i 

display device 16 so that the waveform and the graph are in an upper and 
lower side display thereon during a display mode, means for displaying on 
the heart beat/trend graph 100 a time indication mark d3 corresponding to a 
time of data recording of the displayed event waveform 200 and means for 
moving the event waveform 200 and the time indication mark d3 to be 
displayed on the display screen through an operation of a scroll key d4 so that 
both being synchronized while remaining the data storage time unchanged. 
[Selected figure 4 ] 
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[CLAIMS] 

[Claim l] A potable cardiograph comprising: 
means for temporary updating and storing cardiogram data obtained from 
a patient; 

means for calculating the number of heartbeat in accordance with the 
cardiogram data; 

means for temporary updating and storing the calculated heartbeat 
number; 

means for storing cardiograph data for a certain period of time at a time 
before and after operation of an event switch as event waveform data with 
information on time; and 

means for storing data on the number of heart beat for a certain period of 
time at a time before and after operation of an event switch as event 
waveform data with information on time; 

the potable cardiograph further comprises; 

means for simultaneously displaying an event waveform and a heartbeat 
number/trend graph on the display screen so that the waveform and the 
graph are in an upper and lower side display thereon during a display mode; 

means for displaying on the heart beat/trend graph a time indication mark 
corresponding to a time of data recording of the displayed event waveform; 
and 

means for moving the event waveform and the time indication mark to be 
displayed on the display screen through an operation of a scroll key so that 
both being synchronized while remaining the data storage time unchanged. 
[Claim 2] The cardiograph according to claim 1 further comprising: 
judgment means for judging whether or not an event waveform to be 
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displayed is within a predetermined waveform display area; and 
correction means for correcting amplitude and a base line of the event 
waveform to be displayed so that the waveform and the base line are 
displayed within the area when the waveform is out of the area. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the invention] This invention relates to a portable cardiogram, 
more specifically to a portable cardiogram which is everyday use of a patient 
for measuring the patient's cardiogram data and calculating heartbeat 
number from the cardiogram data. The portable cardiogram is configured so 
that the event waveform data and trend data for several minutes before and 
after subjective symptoms are stored by operating an event switch when a 
patient is aware of condition, such as palpitation and chest pain. In addition, 
the portable cardiogram is configured so that it displays a cardiographic 
complex at the time of subjective symptoms, or a trend graph at the time of 
subjective symptoms as appropriate. 
[0002] 

[Conventional art] In this kind of cardiogram, the cardiogram data for event 
record is stored over several minutes, and is used for qualitative diagnosis of 
being that to which subjective symptoms originate in heart disease by 
displaying on a liquid-crystal-display screen or the like as an event waveform 
on the occasion of diagnosis by a physician and the like. 

[0003] On the other hand, if trend data is in a conventional cardiograph, 
regardless of the existence of a patient's subjective symptoms, it is 
continuously stored over the long time of 24 hours, and is used for a 
quantitive diagnosis of heart disease by displaying as a heart beat/trend 
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graph at the time of diagnosis. Such heart beat/trend data (graph) is not the 
one when a patient feels subjective symptoms. 

[0004] In a conventional cardiogram, on the occasion of the reproduction 
display, processing which calls an event waveform on a display screen, and 
processing which calls a trend graph are completely mutually performed in 
an independent manner. In other words, the graph is not displayed in the 
state where the event waveform is displayed, and the waveform is not 
conversely displayed in the state where the graph is displayed. 

[0005] Incidentally, recently, there is an idea of saying that it does not 
store continuously over a long time, but the heart beat/trend data is stored 
only within for several minutes regardless of the existence of a patient's 
subjective symptoms about the trend data like the event waveform. 

[0006] 

[Problem to be solved] On the necessity for diagnosis, the size of an event 
waveform displayed on the screen is united with the standard scale of a n 
ordinary cardiograph, or make it be a scale about the twice or a half thereof . 
Consequently, the actual condition is that the event waveform which can be 
displayed on 1 screen is restricted to the waveform for several seconds from 
restrictions of screen size. 

[0007] Considering that there is event waveform data (cardiogram data) 
by for several minutes, just very fragmentary information can be displayed. 

[0008] Therefore, in order to observe the variation with time during an 
event record period, the display screen has to be scrolled one by one by key 
operation. And since existence of the abnormalities about heart disease 
cannot be judged without observing all the stored waveforms, when seeing 
and diagnosing only an event waveform, it is necessary to perform scroll 
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operation one by one so that all the waveforms in the event record period may 
be displayed. In addition, since existence of the abnormalities about heart 
disease cannot be judged without observing all the recorded waveforms when 
diagnosing only an event waveform, it is necessary to perform scroll operation 
one by one so that all the waveforms in an event record period may be 
displayed. 

[0009] However, such operation requires repeat work of scrolling for 
seeing and analysis of the following waveform after observing one waveform 
by once stopping and completing observation. Such work was very 
troublesome, and it has become a problem because such diagnosis requires 
great amount of time. 

[0010] By switching from an event waveform display screen to the 
display screen of the graph, it is understood that an overall tendency can be 
recognized or whether there is any existence of abnormalities. However, no 
countermeasure is employed for joining between the graph and the event 
waveforms directly on the time-axis. The first waveform is displayed all 
over again when it is switched to the display screen of the event waveform in 
order to observe more detail even if an unusual portion is found on the trend 
graph. Similar to the above, it is therefore positive identification to the 
currently observing display screen becomes cumbersome. 

[0011] Therefore, it has become a serious obstacle when subjective 
symptoms make a judgment of whether it is a thing originating in heart 
disease, quickly and exactly. 

[0012] The present invention is made in view of such a situation, and it 
is an aim of the present invention to recognize the correlation of the event 
waveform and the trend graph at a glance. 
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[0013] 

[Means for solving the problem] A first potable cardiograph in accordance 
with the present invention comprises'- 

means for temporary updating and storing cardiogram data obtained from 
a patient; 

means for calculating the number of heartbeat in accordance with the 
cardiogram data." 

means for temporary updating and storing the calculated heartbeat 
number; 

means for storing cardiograph data for a certain period of time at a time 
before and after operation of an event switch as event waveform data with 
information on time; and 

means for storing data on the number of heart beat for a certain period of 
time at a time before and after operation of an event switch as event 
waveform data with information on time; 

the potable cardiograph further comprises; 

means for simultaneously displaying an event waveform and a heartbeat 
number/trend graph on the display screen so that the waveform and the 
graph are in an upper and lower side display thereon during a display mode! 

means for displaying on the heart beat/trend graph a time indication mark 
corresponding to a time of data recording of the displayed event waveform; 
and 

means for moving the event waveform and the time indication mark to be 
displayed on the display screen through an operation of a scroll key so that 
both being synchronized while remaining the data storage time unchanged. 
[0014] In addition, a second potable cardiograph in accordance with 
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[0013] 

[Means for solving the problem] A first potable cardiograph in accordance 
with the present invention comprises- 

means for temporary updating and storing cardiogram data obtained from 
a patient,' 

means for calculating the number of heartbeat in accordance with the 
cardiogram data; 

means for temporary updating and storing the calculated heartbeat 
number.* 

means for storing cardiograph data for a certain period of time at a time 
before and after operation of an event switch as event waveform data with 
information on time; and 

means for storing data on the number of heart beat for a certain period of 
time at a time before and after operation of an event switch as event 
waveform data with information on time; 

the potable cardiograph further comprises; 

means for simultaneously displaying an event waveform and a heartbeat 
number/trend graph on the display screen so that the waveform and the 
graph are in an upper and lower side display thereon during a display mode; 

means for displaying on the heart beat/trend graph a time indication mark 
corresponding to a time of data recording of the displayed event waveform; 
and 

means for moving the event waveform and the time indication mark to be 
displayed on the display screen through an operation of a scroll key so that 
both being synchronized while remaining the data storage time unchanged. 
[0014] In addition, a second potable cardiograph in accordance with 
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the present invention comprises: judgment means for judging whether or 
not an event waveform to be displayed is within a predetermined waveform 
display area! and 

correction means for correcting amplitude and a base line of the event 
waveform to be displayed so that the waveform and the base line are 
displayed within the area when the waveform is out of the area. 
[0015] 

[ Function ] In accordance with the first cardiogram, unlike the 
conventional cardiogram, it is neither necessary to scroll all of the waveforms 
nor to switch the screen from a heart beat/trend graph to an event waveform 
because a simultaneous upper and lower side display of the heart rate/trend 
graph and the event waveform is carried out. In addition, if a time 
indication mark is moved to the portion considered to be abnormal on the 
trend graph through an operation of a scroll key while looking at both the 
trend graph and the event waveform simultaneously, the event waveform is 
scrolled in the state of remaining data memory time the same synchronizing 
with the movement. Simply saying, the correlation of the trend graph and 
the event waveform can be recognized at a glance clearly. 

[0016] Incidentally, depending on a waveform, when an amplitude 
thereof is too large, a part of the event waveform overlaps with the trend 
graph, and it hides and becomes difficult to be visible only by merely 
displaying a simple upper and lower side display. 

[0017] According to the second cardiogram of the present invention, 
despite the upper and lower side display, the event waveform can always be 
displayed in the waveform display area in the state without hiding the 
waveform under the trend graph because a predetermined 'display area on 
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which the heart rate/trend graph is displayed is defined and judgment 
whether or nor an event waveform to be displayed is within a predetermined 
waveform display area is made as well as correcting an amplitude and a base 
line of the event waveform to be displayed so that the waveform is displayed 
within the area when the waveform is out of the area. 
[0018] 

[Embodiment of the invention] An exemplary embodiment of a portable 
cardiograph according to the present invention will be described in 
accordance with drawings in detail. 

[0019] Fig. 1 is a block diagram illustrating the principle part of an 
electrical structure of an exemplary portable cardiograph of the present 
invention. 

[0020] In the figure, reference numeral 2 shows a body surface 
electrode(s) attached to a patient, 4 illustrates a cardiograph amplifier 
amplifying cardiograph signals picked up with the body surface electrode, 6 
illustrates an AID converter converting amplified analog signals into digitized 
digital cardiograph signals, 8 shows a CPU performing overall control of a 
micro-computer, 10 illustrates a ROM storing program(s), 12 shows a RAM 
serving as a working memory, 14 illustrates a liquid crystal driver being 
driven with the CPU 8, 16 shows a liquid crystal display device in which 
liquid display elements are arranged in as matrix capable of displaying any 
data in the form of numeric, graphs, waveforms, 18 illustrates touch keys for 
inputting numerous commands, 20 shows an even switch being pushed when 
a patient experiences palpitations and/or chest aches. The touch keys 18 are 
formed in a transparent plate so that the key conforms to the display on the 
liquid crystal display device 16. 
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[0021] The RAM 12 has a memory area temporary storing cardiogram 
data sampled by the A/D converter 6 and time information in a memory loop 
method via the CPU 8. The CPU 8 has a function by which the number of 
heart beat is calculated in accordance with the cardiogram data temporary 
stored in the RAM 12. Then, the RAM 12 has a memory area storing heart 
rate/trend data both calculated together with time information. The CPU 8 
has a function by which cardiogram data for a total of 2 minutes a minute 
before and after the pushing operation of the even switch is recorded into the 
RAM 12 as even waveform data in accordance with the pushing operation. 

[0022] Fig. 2 shows a memory map of the RAM 12. 

[0023] As shown in Fig. 2, the RAM 12 comprises first and second 
cardiogram data memory areas 12a, 12b, and, first and second heart beat 
number data memory areas 12c, 12d. 

[0024] The first cardiogram data memory area 12a is a data storage 
area for one minute before an event. Such data memory area always stores 
current one minute cardiogram data with time information in memory loop 
method. The data memory area fixedly stores current one minute cardiogram 
data with time information by stop updating cardiogram data record by using 
the cardiogram data for one minute before an event as event waveform data 
when an event switch 20 is pushed. 

[0025] The second cardiogram data memory areas 12b is a data storage 
area for one minute after an event. The data memory area stores 
cardiogram data obtained for after 1 minute of pushing the switch 20 with 
time information. 

[0026] The first heart beat number data memory area 12c is a data storage 
area for one minute before an event. Such data memory area always stores 
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current one minute heartbeat/trend data with time information in memory 
loop method. The data memory area fixedly stores current one minute 
cardiogram data with time information by stop updating cardiogram data 
record by using the heartbeat/trend data for one minute before an event as 
event waveform data when an event switch 20 is pushed. 

[0027] The second heart beat number data memory area 12d. The 
data memory area stores heartbeat/trend data obtained for after 1 minute of 
pushing the switch 20 with time information. 

[0028] Figs. 3 and 4 show examples of displays on the liquid crystal 
display device 16 which enables to display various kinds of data in numerical 
values, data, graph, and waves. The liquid crystal display device 16 is 
formed by arranging fine liquid crystal elements in matrix. 

[0029] On this display screen, displays corresponding to various key 
operations by the touch key 18 are displayed as well. 

[0030] Fig. 3 is a figure which illustrate the feature of this invention 
most directly. In other words, a trend graph 100 for a total of 2 minutes 
before and after the depression of the event switch 20 and several event 
waveforms 200 are displayed in a form of superposition under a situation 
where the graph and the waveforms are positioned upper and lower sides of 
the screen. 

[0031] di is a display of an ordinates axis for illustrating heart beat 
number HR, d2 is a display of an abscissa axis showing time (2 minutes 
trend), cb is a time indication mark, d4 is a scroll key for scrolling an event 
waveform 200 simultaneous with movement of the time indication mark d3. 

[0032] cU-i and dt-2 are a right scroll key and a left scroll key for moving 
the event waveform 200 in one heart beat basis and cU-3 and cU-4 are a right 
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skip key and a left skip key for moving the event waveform 200 in one screen 
basis. cU is a trend graph key and d6 is a display magnification variation 
key. 

[0033] Fig. 4 is an exemplary display of event waveform 200 alone, d7 is 
a sign that presenting a heart beat number for one hear beat of the head data 
out of the event waveform 200 being displayed, ds shows a display for 
indicating a variable duration from the time at which the event switch for the 
head data out of the displayed event waveform 200 is pressed , a variable 
duration with "+" shows the duration after depression of an event switch 20, 
another variable duration with "— " shows the duration before depression of 
the event switch 20. 

[0034] ds is a trend graph key for switching the display mode from the 
display screen of an event waveform 200 alone shown in Fig. 4 to the display 
screen of the heart rate/trend graph 100 and an upper/lower superimposed 
display shown in Fig. 3. 

[0035] Next, operations of the portable cardiograph device according to 
this embodiment will be described with reference to flowcharts in Figs. 5 
through 7. 

[0036] Control operation of the CPU 8 is initiated by turning the power 
supply on-state. Cardiographs signals picked up with the body surface 
electrodes 2 and are amplified by the cardiograph amplifier 4 are input to the 
A/D converter 6. The CPU 8 executes the following control operations in 
accordance with the program(s) read out from the ROM 10. 

[0037] By turning the power supply on, displays such as a measurement 
key, replay key are displayed as touch-keys 18 on the liquid crystal display 
device 16. 
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[0038] At first, in step SI, when it judges whether the measurement 
key in the touch keys 18 was operated and it is judged that there was the 
operation, the routine from Steps S2 through S15 is performed. If not the 
case, in Step S16, it is judged whether or not the replay key in the touch keys 
18 is operated. When it is judged that the replay key is operated, the 
routine from Steps S7 through S29 is performed (its details will be described 
later). 

[0039] In general, the measurement key is operated first after turning 
the power supply on. In this manner, the process proceeds to step S2 for 
controlling A/D converter 6 so that amplified cardiograph signals inputted to 
the A/D converter are sampled for a predetermined period and converting the 
signals into digital cardiograph data and send them out to the CPU 8. In 
step S3, the CPU 8 transfers the continuously sampled cardiograph data with 
information on time to the RAM 12 and makes the RAM to temporary store 
them in so called memory loop method. At that time, the CPU 8 updates 
cardiogram data stored in the cardiogram data in so called memory loop 
method, so that the current data through that of current one minutes is 
always stored in the cardiogram data memory area 12a (for one minute before 
the event). The stored data always changes until the event switch 20 is 
operated. 

[0040] In step S4, the CPU 8 carries out analysis of cardiograph 
waveform in accordance with cardiograph data read out from the RAM 12 
and conducts a search for data corresponding to R wave peak which segments 
one heart beat. The peak of R wave is a part having the sharpest rise in a 
QRS complex which characterizes cardiograph waveforms. The method of 
searching the peak of R wave can be realized by judging whether or not a 
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requirement, that a value of cardiograph at a certain point exceeds 70% of the 
maximum value of cardiograph data in prior one heart beat and the certain 
point is the maximum point, is fulfilled. 

[0041] The process proceeds to step S5 when the CPU 8 recognize the 
point is the peak of R wave. If not the case, the process returns to step S2 
via steps S7 (judgment in operation of the event switch) and S8 (judgment in 
operation of the cancellation key). Then steps S2 through S4, steps S7 and 
S8 are repeatedly carried out. 

[0042] The process proceeds to step S5 and calculates heart rate when 
the peak of R wave is found. In other words, the CPU calculates the 
reciprocal of the time from the peak of R wave of the heart beat of 1 time ago 
to the peak of R wave of these heart beat, and makes the number to be the 
heart beat rate. 

[0043] Next, the CPU 8 transfers data on the heart beat rate to the 
RAM 12 with the information on time and the transferred data is temporary 
stored therein in step S6. At that time, the CPU 8 updates cardiogram data 
stored in a memory loop method so that the heart beat number/trend data 
currently measured through that of measured current one minutes is always 
stored in the heart beat number data memory area 12c (for one minute before 
the event ) in the RAM 12 similar to step S3. The stored data always 
changes until the event switch 20 is operated as well. 

[0044] Unless the event switch 20 and the cancellation key in the 
touch keys 18 is operated, the process returns to step S2 and repeats the 
steps described in the above. The process returns to step SI when it is 
judged that the cancellation key is operated in step S8. 

[0045] When a judgment that the event switch being operated is made, 
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the process proceeds to step S9 shown in Fig. 6. In step S9, amplified 
cardiograph signals are sampled for a predetermined period and converted 
into digital cardiograph data and send them out to the CPU 8 similar to Step 
S2, and, in step S10, the continuously sampled cardiograph data with 
information on time is temporary stored in the RAM 12. At that time, the 
CPU 8 makes the cardiogram data to store into the second cardiogram data 
memory area 12b (for one minute after the event) in the RAM 12. 
Cardiogram data of 1 minute before operation of the event switch 20 to an 
operation time thereof is statistically stored in the first cardiogram data 
memory area 12a because no update and no recording in the memory area 
12a under a memory loop method is carried out. 

[0046] In step Sll, an analysis of cardiograph waveform is carried out 
and a search for data corresponding to R wave peak which segments one 
heart beat is conducted similar to step S4. The process proceeds to step Sl2 
when the data is recognized as the R wave peak. If not the case, the process 
returns to step S9 through step S14 (judgment of event recording completion), 
and steps S9 through 11 and S14 are repeated. 

[0047] The process proceeds to step S12 and calculates a heart beat 
number when the R wave peak is found. In step S13, the heart beat/trend 
data thus calculated is stored in the RAM 12 with information on time. At 
that time, the CPU 8 stores the heart beat number/trend data in a second 
heart beat number data memory area 12 d (for one minute after the event). 
The heart beat/trend data of 1 minute before operation to an operation time 
thereof is statistically stored in the first heart beat number data memory 
area 12c because no update and storage operation in a memory loop method 
is carried out therein. 
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[0048] In step S14, a judgment whether the event is completed or not 
by whether 1 minute after operation of the event switch 20 passed is carried 
out. The process returns to step S 9 until the event completes and stores 
cardiogram data and heart beat number/trend data until for 1 minute after a 
switch operation passes. Then, process proceeds to step S15 for turning off 
the power supply automatically and terminate measurement of the 
cardiogram data when it is judged that the event record is completed. 

[0049] As described in the above, when a patient feels subjective 
symptoms, such as a synchronization and chest pain, and operates the event 
switch 20, the cardiogram data (the event waveform data; cardiogram data) 
and data of every 1-minute and for a total of 2 minutes are stored in the 
RAM12. 

[0050] When the power supply is turning on again upon completion of 
the event recording, judgment of step Si usually becomes negative and the 
process proceeds to step S16. In other words, it waits to operate the replay 
switch in the touch keys 18, and the process proceeds to step 17 shown in Fig. 
7. 

[0051] In step S17, the CPU 8 reads out cardiogram data for one screen 
(event waveform data) from the RAM 12, converts such cardiogram data into 
display data for cardiogram waveform. Such display data is transferred to 
the liquid crystal driver 14 in step S19 and displaying event waveform 200 
(for several seconds) on the liquid crystal display device 16 by controlling the 
liquid crystal driver 14 in step S20. This display is continued until one of a 
judgment whether it judges that the trend graph key ds is operated in step 
S21 or it judges that the cancellation key in the touch key 18 is operated in 
step S22. Upon operating the cancellation key, the process returns to step 
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SI. 

[0052] The process proceeds to step S 23 for reading out heart beat 
number/trend data from the RAM 12 by the CPU 8 when a judgment that the 
trend graph key ds is operated is made in step S21. Then, the heart beat 
number/trend data is converted into a form of display data thereof in step S24. 
The heart beat number/trend is referred to a graph which takes time along a 
horizontal axis, takes cardiac beats rate along a vertical axis, and shows 
variation of cardiac beats rate with time. At that time, the heart rate/trend 
graph 100 is converted into display data by which a long and slender display 
on upper end of a screen can be carried out so that the graph 100 can be 
displayed on the liquid crystal screen 16 with the event waveform 200 in a 
form of upper and lower side display. 

[0053] Subsequently, the CPU 8 transfers to the liquid display driver 
14 display data for the heart rate/trend graph 100 so that such data and 
display data for the event waveform 200 are superposition in step S25 and 
the CPU controls the liquid display driver 14 to simultaneously display both 
the heart rate/trend graph 100 and the for the event waveform 200 in a form 
of superposition under a situation where the graph and the waveforms are 
positioned upper and lower sides of the screen in step S26. At that time, the 
CPU 8 displays both the heart rate/trend graph 100 and for the event 
waveform 200 so that a time indication mark da is displayed on the heart 
rate/trend graph 100 correspondingly to data memory time of the event 
waveform 200. 

[0054] In step S27, it is judged whether the scroll key cU is operated, 
when is it not operated, the process skips to step S29, but when it is operated, 
the process proceeds to step S28. In step S28, the event waveform 200 to be 
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displayed on the liquid crystal screen 16 is scrolled corresponding to a kind of 
the scroll keys d<t(a right scroll key cU-i.a left scroll key d4-2, a right skip key 
d4-3 and a left skip key d4-4), while scrolling, the movement synchronizes with 
this, and the time indication mark d3 is moved on graph 100 where data 
memory time is kept the same. 

[0055] In step S29, it is judged whether the cancellation key in the 
touch keys 18 is operated and unless the cancellation key is operated, the 
process returns to step S23 and steps S23 to S29 are repeatedly carried out, 
the process returns to step SI when it is judged that the cancellation key is 
operated. 

[0056] By employing the simultaneous upper and lower side display of 
the heart rate/trend graph 100 and the event waveform 200, synchronized 
scrolling of the event waveform 200 and movement of the time indication 
mark d3, the event waveforms 200 at each of data memory times related with 
variation of heart beat rate in an event record period with time can be 
formed. 

[0057] For physicians, it is possible to recognize a correlation of the 
heart rate/trend graph 100 and the event waveform 200 can be recognized 
clearly and quickly by displaying such images upper and lower side of the 
liquid crystal screen 16 simultaneously. This is very advantageous for 
making a judgment such as a judgment whether the subjective symptoms 
which became the origin of event waveform 200 are the things originating in 
heart disease, when subjective symptoms are the things originating in heart 
disease, perform processing of business, such as an elucidation of the 
generating machine foreword, a judgment of the degree of serious injury, and 
a check of the medication effect quickly and exactly. 
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[0058] By the way, if the heart rate/trend graph 100 and the event 
waveform 200 are simply displayed in upper and lower side, there will be a 
probability that a part of the waveform is overlapped on the graph 100 and 
can not see the waveform 200 depending upon its amplitude. 

[0059] To solve that problem, the display screen is divided into a trend 
graph display area 16a having a predetermined area on which the heart 
rate/trend graph lOOis displayed, an event wave display area 16b having a 
predetermined area on which the event waveform 200 is to be displayed and a 
scroll key display area 16c as shown in Fig. 8. A routine shown in Fig. 9 is 
added between step S24 and step S25 shown in Fig.7. An example of the full 
screen size of the liquid crystal screen 16 is comparatively small such as 80 
X128 dots, and 16X128 dots, 48 X128 dots and 16 X128dots are respectively 
assigned as the trend graph display area 16a, the event waveform display 
area 16b and as the scroll key display are 16c, for example. 

[0060] The flowcharts will be described in below. 

[0061] The CPU 8 proceeds to step S30 for calculating a peak-to-peak 
voltage value Vp-p of the event waveform 200 from the cardiogram data for 1 
screen which is about to be displayed after generation of display data of a 
heart rate/trend graph 100 in step S24. Then, a judgment whether Vp-p is 
smaller than a height H of the event waveform display area 16b is made in 
step S31. 

[0062] There might be no problem because an event waveform 200 to 
be displayed is within the event waveform display area 16b when an equation 
Vp-p ^ H is satisfied. It is therefore, the process skips to step S34, but 
the waveform 200 is not within the display area when an equation Vp-p ^ H 
is not satisfied. Then the process proceeds to step S32 for reducing of the 
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height of the cardiogram data for 1 screen in half (Vp-p •*— Vp-p/2). In step 
S33, instead of the display data of the event waveform 200 in step S18, the 
shrank cardiogram data, is converted into display data of the event waveform 
200. 

[0063] Thereafter, in step S34, in order to certainly fit the waveform 
200 within the display area 16b the base line is shifted so that the center 
level Vp-p/2 of the height Vp-p of the event waveform 200 coincide with the 
center position of the display area 16b. 

[0064] In step S35, the event waveform 200 corrected in amplitude and 
the base line and the heart rate/trend graph 100 are displayed in a form of 
superposition for one column. Then the process proceeds to step S25 shown 
in Fig. 7. 

[0065] In this case, the following advantages can be expected: an 
undesirable situation that the event waveform 200 will be hidden by the 
graph 100 and will disappear can be avoided; it can always store and display 
all the amplitude ranges of the event waveform 200 within the display area 
16b; and visibility of an upper/lower superimposed display of both the graph 
100 and the event waveform 200 can be kept at a high level. 

[0066] As for the upper/lower superimposed display of both the graph 
100 and the event waveform 200, the display on the upper part may be the 
event waveform 200 and that on the lower part may be the graph 100. 

[0067] 

[Advantages of the present invention] According to the first potable 
cardiograph in accordance with the present invention, the event waveform 
can be displayed correspondingly to variation of cardiac beats rate with time 
simultaneously while recognizing the correlation of the trend graph and the 
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event waveform at a glance by carrying out simultaneous upper and lower 
side display of the heart rate/trend graph and the event waveform on the 
same display screen and by featuring that the event waveform is scrolled in 
the state of remaining data memory time the same synchronizing with the 
movement thereof when the time indication mark is moved on the graph by 
the scroll key. 

[0068] By the graphical representation, all waveforms are not seen like 
the conventional example and judgment of the tendency of the existence of 
contraction, rapid heartbeat or slow heartbeat is attained. By carrying out 
simultaneous upper and lower side display of the heart rate/trend graph and 
the event waveform as well as moving of the time indication mark on the 
graph and the scrolling of event waveform, a judgment such as a judgment 
whether the subjective symptoms which became the origin of event waveform 
are the things originating in heart disease quickly and exactly. 

[0069] According to the second potable cardiograph in accordance with 
the present invention, an undesirable situation that the event waveform 
will be hidden by the graph and will disappear can be avoided and always 
displaying all the amplitude ranges of the event waveform within the 
display area as well as visibility of an upper/lower superimposed display of 
both the graph 100 and the event waveform 200 can be kept at a high level 
even when upper and lower side display is carried out because a 
predetermined display area on which the heart rate/trend graph is 
displayed is defined and judgment whether or nor an event waveform to be 
displayed is within a predetermined waveform display area is made as well 
as correcting an amplitude and a base line of the event waveform to be 
' displayed so that the waveform is displayed within the area when the 
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waveform is out of the area. 
[Brief description of the drawings] 
[Fig. 1] 

FIG. 1 is a block diagram illustrating the principle part of an electrical 
structure of an exemplary portable cardiograph of the present invention. 
[Fig. 2] 

FIG. 2 is a memory map of a RAM of an embodiment. 
[Fig. 3] 

FIG. 3 is an exemplary vertical display of a heart beat/trend graph and an 
event waveform according to this embodiment. 
[Fig. 4] 

FIG. 4 is an exemplary display of an event waveform of this embodiment. 
[Fig. 5] 

Fig. 5 is a flowchart of an event waveform for describing the operation of this 
embodiment. 
[Fig. 6] 

Fig. 6 is a flowchart of an event waveform for describing the operation of this 
embodiment. 
[Fig. 7] 

Fig. 7 is a flowchart of an event waveform for describing the operation of this 
embodiment. 
[Fig. 8] 

Fig. 8 is a structural view of a display screen of another embodiment. 
[Fig. 9] 

Fig. 9 is a flowchart of an event waveform for describing the operation of 
another embodiment. 

21 



H05-14118 



[Description of the reference numerals] 
2 • • • • body surface electrode 
4 . . . . cardiograph amplifier 
6 • • • • A/D converter 
8 • • • • CPU 
10 • • • • ROM 
12- • • - RAM 

12a • • • • first cardiogram data memory area 

12b • • • • second cardiogram data memory area 

12 C ■ • • • first heart beat number data memory area 

12 d • • • • second heart beat number data memory area 

14 ... . liquid crystal driver 

16 • • • • liquid crystal display device 

16a • • * • trend graph display area 

16b • • • • event waveform display area 

16 c • • • • scroll key display area 

18 • • • • touch keys 

20 • • • • event switch 

100 • • • • heart rate/trend graph 

200 • • • • event waveform 

d3 • • • • time indication mark 

d4 • • • • scroll key 

ds • • • • trend replay key 
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Fig.l 

2 body surface electrode 

4 cardiograph amplifier 

6 A/D converter 

14 liquid display driver 

16 liquid crystal display device 

18 touch-key 

20 event switch 



Fig.2 

12 RAM 

12a first cardiogram data memory area (for one minute before event) 
Memory loop method (update storing area) 

12b second cardiogram data memory area (for one minute after event) 

12c first heart beat number data memory area (for one minute before event) 

Memory loop method (update storing area) 

12d second heart beat number data memory area (for one minute after 
event) 



Fig.3 

d5 trend 

d6 magnification 

Fig.4 
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d5 trend 

d8 magnification 

Fig.5 

51 measurement key operated ? 

52 convert analog cardiogram signals into digital signals 

53 transfer cardiogram data to RAM and store therein 

54 R wave peak ? 

55 calculate heartbeat number 

56 transfer heartbeat number to RAM and update and store therein 
(memory loop method) 

57 event switch operated? 

58 cancellation switch operated? 
S16 replay key operated? 

Fig.6 

59 convert analog cardiogram signals into digital signals 

510 transfer cardiogram data to RAM and store therein 

511 R wave peak? 

512 calculate heartbeat number 

513 transfer heartbeat number to RAM and store therein 

514 event recording completed? 

515 turn off power supply 
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Fig.7 

517 reads out cardiogram data for one screen from RAM 

518 convert cardiogram data for one screen into display data of cardiogram 
waveform 

519 transfer display data to liquid crystal driver 

520 display trend waveform 

521 trend graph key operated? 

522 cancellation key operated? 

523 read out heart beat number/trend data from RAM 

524 convert heart beat number/trend data into display data form thereof 

525 superposition display data of heart beat number/trend graph and that 
for event waveform and transfer it to liquid display driver 

526 simultaneously display heart beat number/trend graph and event 
waveform on upper and lower sides of screen, and display time indication 
mark therewith 

527 scroll key operated? 

528 scroll event waveform and move time indication mark so that both are 
synchronized 

529 cancellation key operated? 
Fig.8 

16 liquid crystal display device 

16a trend graph display area (16X128 dots) 

16b event waveform display area (48X128dots) 



25 



H05-14118 



16c scroll key display area (l6X128dots) 
(overall display area: 80X128dots) 

Fig.9 

530 calculate Vp-p of event waveform from cardiogram data for 1 screen 
about to be displayed 

531 Vp-p>H? 

532 reduce height of cardiogram data for 1 screen in half Vp-p <— Vp-p/2 

533 convert shrank cardiogram data into display data of event waveform 

534 shift base line so that center level Vp-p/2 of height of event waveform 
coincide with center position of display area 

535 superposition corrected display data of event waveform and that of 
heart beat number/trend graph in a form of for one column 
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*BWE«Blft>ttl»©-C. C©iett«tttl 2 ctCfcW 

^hxY»f2o ©tsifp«r i #*hwe&a& r©* 

[0048)Xf^S14m -fOhX-f »*2 

o ©»ft& i &M&k l te* i' 5 a>tc «t -3 r A « > fib 

r**-c«» j^sofcii *->t/r. -f^hx 
^f2o ©sfw^*>e. i »w*«j»r * *r©*fi 

Hf-*^^- H^K^-SiSrSBtSTS. *b 
T. -f^>hiB«»«i»TLfe4«»rU/c <!:#«. 

ys i 5{cjiAt?mtS i &a»)WK:oPF«:i/-c^m@T : 

-*©ii!i3e«»7-r4. 

[0049] Witcjco-C^ ,SL«*5«>^f BWS*^©S 
«ffi«*«i;'C-Y'<>h^-f »f-2 0t«fP0fci* 

tc. -e©^i^wr-5©^w-2»ra©^msif r -f 
J6St- H/>Kf-^RAMl 2KiBesnytc4«c 
[0050] EMbWKT i^fca. ^as*sta:A 

lyfci*CCB. aifitB. xf» T'S 1 ©«K* s S3£a=J<i; 
ftO. X^i»^S 1 6CCilt?„ -T^^. $-^1r-l 

8 ccfc^r Hi*-*iSfPS tizo&m-o t@ 7 ©x y 

•^S 1 7 Kilt?. 

[005 1 ] V7S 1 7-C. CPU8B. RAMI 

2*6 immftO'b'm.mT-* (j'o \-r&&7 : —%) 

0$J&©3«jvr-£«:^$!U Xf-»^S19T*OS 
^-drtaaF^-f^l 4K«jaL. X^5r^S2 0 
r»« F 9 -f -»< 1 4 * WW L-C^H^^a 16(C-C< 
>Fi8g&2 0 0 (»»ra») 4S£^T4. 
«. Xf 5 ^S2 1 K*sl»rF l/>F^7+-d, * 



(6) 

9 

[0 0 5 2] Xf^S2 IT h U> K^7*-d, 
^ft3ftfct«»rL7fc£#«X7^ 7*S 2 3fcjtA,-C 
RAMI 2#>?><l>}fi$t • hU>F:r-*£CPU8K:iJ 

ftgt- h u>F^7©*^7*-*©*p;te*>K:£&-r 
4. c©<i>ffi&- H/>F^7ii>5©B; 8S«ik:b$ 

fc^-r^^tb/cfc©"?**. F 10 

u>F^77ioo». aftseraaieKfc^r-r^ 

> b$W2 0 0 t©±T-S©Se^in*itf^6 J:^ 
fc. BM©Jb«te*Ig <*t^3n* J: 5 ft^T*-* «c 

tasssf*. 

[0053]«1>"C. Xf 9 ^S25T, CPU811. 
Sag 2 0 0 ©fUKT 1 - * £ Sfi L -OKA F 9 -t* /t 1 4 

auHWwiai 6oiBnBfc-c>«i«- fu>f^^i 

0 0i-^'<>Fjffi^2 0 0£5:±T— SKISI^WCCft^ 20 

■rs. c©£#. CPU8B. a^fir^a^-oF 

2 0 0 ©fBfi^JWtcSttJCS It-CMMk • hi/ > F * 
77 1 0 OiK^Mfi^v-^d, *flH*TaSnTS. 
[0 05 4] ^?7'S27'C. 1 8CC*$tt 

jU*-d 4 ©WH (*f^f ct-Jl/^-d,., . 2rX*n 
-■>Mr-d,_, . ax+»^t-d,., . £^»7"+ 
-d,., ) (Cjec-C. Maiggl6K^nS^ 30 
£^>h^2 0 0*x*n-.il/-r.5<t<tfcfc:. eti 

m7-^d, &C>i&Wl ■ b U> F W7 1 0 0±-Ct£fft 
Sit*. 

[005 5] ^fs-7'S29Ttt$5^- 1 8 (cteW 

1>I0^?77 , S2 3CC'J ^->btT. Xt-57"S23 
~S2 9©Jl>-^>*|g'Jiib*m- #±*-# 
JWPSn/ct&ttXf-^S lK'J*->T-&,, 
[0 0 5 6 ] C©<fc5fc<fcJfi£t • hU>F^77 1 0 0 40 
t -f ^> h W2 0 0 i©^-f2^i . 5<,»fc|5j»! 

i,tc.c-mmffi&2 o o(Dxt>u->i>t&fmi&n-?-i> d 

, ©&8&£«cJ:»5. S^-^iBit^lIJcteW^mHiS 

jg2 004, t-§mmm*p<o>bifi$i<DMmmrj:$z 
[0057] M§ms§ i etc^jes • f u 

>F^^7 1 00«h-r^>Fia»20 0<!:*laI^F«:-|a 
^«CiT, -CdfiS- H->F^7l00i-f 

Fi8a^2 o o ±<Dtm&&zmm< wvcimri 

C<b*l-C#S. C©CiB, ^^h»f200©i<!: 50 



#BW5- 154118 
10 

*0ft£«J*®J!rai. *ffiS©*U5£. &ma)*©5g 

»TWiPJft«>©<t tt«. 

[0 05 8] iC5t, -ll^St- hU>Kf77 100 

<t-Y'<> h?S9fJ2 o o £*yt/£-#««c±T-®tcasa 

Tn^-S^WrA^xb. •^'<>ha02OO(C < ):o-CB^ 

a*. 

[0 05 9] -ec-C. 08{C^-T«i:5{C. jfS^^S 
1 6 ©^iliffi*. • FU>^77 10 0*i« 

*3n5.-<^^#S©hU>F^7^7i^^l 6 
at. ^^>h«at52 0 0*i^SnS-<*^r5£^:#3 

(Dj^vvmwmm 6b<t. x^n-ju*-^ 

®J$1 6 c<tK:7W CPU8©$UaiS(j^«i: 
LT. SI7©Xf^7'S24t^f77'S25i©ra 

80X 1 2 8 F? F<tik®S<)«:/jN5< . f-U>F^77 
^K^l 6 a £ Lt 16X128 F? h£Sd»)^-t. 

FS^^MJS 1 6 b t LX 4 8 x 1 2 8 F v h 
*Sll»)^-C t X»a~JMr-SnHmil 6 c iUtl 6 
x l 28 F» F*Sll»5^rri>5. 

[00603ttT, 7P-*i&ijrr*. 

[ 0 0 6 1 ] C PU 8 «. Xf^S24 

»• M/>f^77 i ooom^f-zzvtm-zt, 

Z?-vzfS3 0K.&A,-C> ^S^bJ:^£T-S IIS® 
^©^l37 r -f^^-i''<>I-jR^2 0 0©?Kl9Hii (p 
eak to peak) V,., *&\ti?Z>. fUt. 
^f»7"S3 1T, V,_, *i-T'<>F?fi^*^J^l 6 
b©W3 H J: *) ^3 ^ *>€:*I»rr S„ 
[0062] V,_p ^H©£#«. a^ly«t^<!:-ra^ 

'<>^?g^2oo*J-^'<>^i«Ji?^7^^l 6brttciR 

g-&©-C|WS#&<. OftffiiX, *<D££X?y7S 
3 4 ICX *v V,., >H©cb*ttJtX*6ftl» 

©-C, Xf 7 7"S32 (Cii*. 1 Wffi'frV>>bWm7 ! - Z 

<omimzi/2icffi'^?z (Vp.p -v,., /2) . 

-eur. ^>7"S3 3-CB. ^7 1 57 , S18T©^'< 

vhifi^ooo^f 5 -* tetter. is/|vfft©<i>«i9 
(-^2 o ooi^f-ftc^r?.. 

[00B3]*lt>t. Xt^7-7'S34-C«. -T'Ohjg 
S2 0 0*i^^>h?g^^«l 6 brt«:5©|tCitR* 

•sjt^tc-r^d&cc^ -f<>hja^2oo©s t $iisfflv 
6b©**ttacc-s:-r5i^{c^-x7'f>*i'7 h 

-X5^>£*iffliE$nfc^-c> h?^2 0 0©^^ 
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-fittest - H/^F^^lOO^f-ft* 

jit?©-c&£„ 

[0065] £©*§^. -f^FW2 0 0W}fiS- 
hU.>Ff 97 1 0OKI3ntiifj;<0:5il-H/c 
C<b*i[HliS3n, ^>hiS0&2OO©£|gi}I*&ffl£?it 
«: ^ h #8f5S^«$ l 6 b KiKtf>r«ij\-e t . 

»• hU^Ki^? 1 0 0 hi£7£2 0 0 £©" 

[0 06 6] &*5. ^fttfc- hU>F^7l00i-f 10 

U2 0 0£±ja«t> hU>K*-57 1 0 04T 

[0067] 

f¥{c«fco -cttMfc • hu > F ? ±r^S!lt§^ v- * 
fc©r. <&ffl»©Si3fl^{tKW^WT^>F«3e 

[0068] Atift • h U> F ^57<D«S«:J: 0 . % 
*W©J: 9 <r*. MmKtKMMk « 

|R*fc»f|iJR©«l*IO*JBf3&«Jt6i&a. Af&lk 

• Hx>F^7i^^>F«?gi©±Tn®©SeS 

0, S»«*fe«cM**-C©gja^iE»«:K**r©e 30 

it. eH»rt*. eKffi«3&J^Kf5t*«:S3fer5t>©-c* 

3©*»£5 jWDflHWjs*2Ja. WWKtf 5 C <t#"C# 

[oo69]sfc, *m*K%&&2C!>miKmcimftic 

Jr^^c^lSLfcwr. _hT— ©©I&g^r * 40 
S e>f. h«»e*M>Jfl« • hU>F* 

97rtKB3tvr»*ft<ar*t(r>-9A:WB*aiW. fit 
ct-fo hiS^**©^tg*I8EH{c*it»r^-c#i/c 
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«>. ns^-c* h r*©»«tt*w»r»t> 

©tc-r^c 

[0®©ffflWj:Si9n 

[an *»«o-«««tc«*!JW«w:*«it©s»» 

©SSW«J«JjR%^"r^n fli-Cii. 

[133] MMICW • h U > F y 5 7 O' 

h?!g^©^a*^©l^{«I-C*5 0 
[04 3 HJfi^KfcWS-Y'O h^©^^-C*S„ 

cs5] mmm^m^mmm-^yu-^^-vcib 

CH7] Wlr«©»fH»M«:«-r470-*i— h-c* 

a. 

[08 ] SlJ©g|Jfi«f!lCC^Sl^iiSffi©^SJ«^0-C* 

*. 

[ff*<DI»l] 
2 tt*iBK« 
4 tMTZ''? 
6 A/D 
8 CPU 
1 0 ROM 
1 2 RAM 

12a Sill©4>£0? : -£sBtg&i£ 

12b m2<D<bnm7 : -*im®.m 

12c Sir 1 ©Ma&T 5 - jrGtMWt 

i2d * 2 »ett«tiA 

14 iiF*-f< 

1 6 muMfms 

16a h U> Yif^vWv^W. 

1 6 b Y'O YW^Wnm^ 
16c x^a-;l/+-a^J^ 
18 

2 0 -i^YX-iv^ 

100 -C#|gt- h U> F^7 7 
2 00 

d, ®fW$&fi-?-* 
d, H/>FB4t- 
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F5- 1 54 1 1 I 



[H2] 
/ 1 2 i RAM 



m 1 ®,fr*H^-*Bii«* 
(-f « v Mir i »wm) 



as 2 ®^«Bf-^eiii« 

M^f f>»l#|B!ffl> 



18 2 o^J&ttf 



(SEffSttfig) 




d*-* d*-z dfc-i d«-3 
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1 6 c 





[08] 




,16: *aa*sa 


(18X12BP»M 




( 4 8 X 1 2 8 K v \ ) 




* ^ a — /t>*-&.*i&® v 
( 1 6 x 1 2 8 K v h ) 


t 80X128 Yv*> 



F5- 1 54 1 1 I 



( s fO 

S 3 0 I 
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